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Lionel Milgrom's article (1) has stirred up considerable correspondence (2) , mostly due to misconceptions of various kinds. Chrastina, for example (3) , is quite wrong to attack Milgrom's work over whether coherence in quantum systems can be maintained over macroscopic distances at high temperatures. All quantum field theories in solid state physics provide examples where this kind of assumption is made at a primal level, since the low energy forms of their various quanta are assumed to extend over the whole lattice being considered. Theoretically that is infinite in thermodynamic systems, and, practically, over a whole crystal, or whatever kind of domain is appropriate to the exciton under consideration, be it phonon, electron, magnon or other. The Mossbauer effect (4) provides a fine example of how a macroscopic system can undergo a quantum interaction as a coherent whole at whatever temperature it may happen to find itself.
In the case of conscious systems, macroscopic quantum coherence as a fundamental requirement was first hypothesized by Domash (5) working in close conjunction with Maharishi Mahesh Yogi in the 1970s. The two used it to make highly successful predictions about brain states in higher states of consciousness (6) , which have been greatly extended over the years (7, 8) . Their work has been taken up and championed by Penrose (9) , who also insists that macroscopic quantum coherence has to be a major factor in allowing the brain to maintain conscious awareness (10, p.133) of non-computational kinds he has so brilliantly established. Penrose also recognizes that such brain states must be inherently weakly interacting so that coherence can be maintained (10, p.134).
Instability Fluctuations
My own work has developed these ideas along a different line (11) , which relates directly to homeopathy, and entirely vindicates Milgrom's assumptions. It is based on a neglected area of physics-the quantum properties of instability fluctuations. It can be shown that fluctuations at feedback instabilities provide a realistic model of the previously rejected concept of the life force (12) . I developed this specifically out of a biophysical model for the action of vibrational medicines (11), including ultra-diluted ones: simple assumptions about toxin action on enzyme active sites, coupled with the role of fluctuations in preventing regulatory switching failures and consequent maladaptation, permit the homeopathic principle to be derived in the context of the model (11) .
All biological control systems have to contain feedback instabilities/critical points; these occur in cellular regulation of gene expression (12) , and also in neural networks (13) . The latter means that quantized fluctuation fields apply to brain states hypothesized to support conscious awareness, as well as to the vital force at the cellular level. Recently, I have confirmed the correctness of the application of quantized fluctuation fields through a completely different process of reasoning: such fields are effectively in states of self-observation (14) , they provide an information space of the 'dual' kind proposed by David Chalmers as a fundamental requirement in his non-reductive approach to modeling self-conscious awareness (15) . Since they also yield models of vibrational medicines used to stimulate the vital force's curative action (11) , such fields do not simply validly represent states of patient, practitioner and remedy, their use is mandatory in any attempt to do so.
Macroscopic Quantum Coherence at Instabilities
Now for the crunch: in their quantum form, feedback instability fluctuations exhibit macroscopic coherence. Why? Because, at critical instabilities, many thermodynamic functions diverge, including the specific heat, and the correlation length, and, as we shall see, the effect of the first divergence is to create quantum coherence, while the second makes that coherence macroscopic. Divergence of specific heat at critical points was theoretically predicted by Onsager in his famous solution of the two dimensional Ising model (16) ; it has been much observed experimentally, e.g. at the gas-liquid critical point of Argon (17), for which it diverges logarithmically i.e. exponent a = 0 (Fig. 1) , though in magnetic systems a > 0 (18) . Divergence of the correlation length was predicted by Fisher and Burford (19) for Ising Models, and by Ritchie and Fisher (20) for more complex magnetic models. Experimentally, it is always found to diverge e.g. for gas-liquid critical phenomena in Xenon by Canell and Benedek (21) , and for binary liquid mixtures by Berge et al. (22) . Such critical point divergences are quite general.
To understand why these results imply macroscopic quantum coherence at critical points, we must remember that any unique dynamics of critical points must result from particular properties of the system of excitations that are unique to critical points. That means from the fluctuations, and, in terms of atomic physics, from their quantum form. Thus the anomalous, divergent behavior of the specific heat and the correlation length can only result from specific properties of the (quantized form of the) critical point fluctuations. As the temperature T approaches the critical temperature T c from above, the increase in specific heat [(16,17) , Fig. 1 ] means that extra heat energy is lost; implying that systems of critical fluctuations have anomalously low energy/heat content. This translates into low entropy content, since, by dq = TdS, heat change dq is directly related to entropy change dS. For an ensemble of quantum systems, entropy decreases as coherence in its density matrix increases. In such systems, the only way for anomalous quantum entropy decrease to occur is by increasing the overall quantum coherence: the specific excitons, which become coherent, must be the quantized instability fluctuations.
Similarly, divergence of system correlation length at critical (instability) points (16) (17) (18) (19) , must specifically refer to the correlation length associated with the fluctuations (13) .
But since the fluctuations gain anomalously large levels of quantum coherence, and since coherence means correlations, the divergence of their correlation length can only mean that the correlation length of their quantum coherence must be divergent. A divergent correlation length means that the quantum coherence's originally microscopic correlation length now becomes macroscopic. We conclude that, generally, at all critical instabilities (including feedback instabilities in biological regulatory systems), quantum fluctuation fields exhibit macroscopic quantum coherence. Figure 1 . The divergence of specific heat at critical instabilities. This graph presents data on the specific heat of the gas Argon at its gasliquid critical point. The specific heat becomes larger and larger as the critical temperature is approached. By plotting the specific heat against the logarithm of the temperature difference with the critical temperature, the logarithmic nature of the divergence is made clear. At a quantum level, such anomalous changes in heat capacity and content can only be taken up by coherence based entropy changes.
Conclusions
The property of macroscopic quantum coherence at critical points impacts many fields. The arguments provided for it here are macroscopic and heuristic. In further publications, we shall explore its implications for critical phenomena in general, and quantization of anharmonic oscillators in particular, in order to provide the theory with a microscopic foundation. At this stage, we can draw three conclusions.
First, Milgrom's assumption of macroscopic quantum coherence (1) applies to quantum fluctuation fields of all kinds: those that represent the vital force/consciousnesses of the practitioner and patient (14) , and those representing the homeopathic remedy (11) . His assumptions are therefore completely justified, provided that his wave functions are taken to be those of quantized instability fluctuations, which they have to be, because those alone satisfy Chalmers's 'Dual Aspect' condition (14, 15) .
Second, quantized fluctuation fields on neural networks only interact weakly with other physical fields; they satisfy Penrose's second requirement (10, p.134). Entanglement between such states will not be subject to decoherence effects, and will be long-lived. In principle objections (3) are invalid. With these provisos, the work of Milgrom (23, 24) and those with related outlooks (25) should be recognized for what it is: pioneering physics of great originality, with tremendous scope for further development (26) .
Finally, this work supports the Domash (5) and Penrose et al. (10, p.133) hypothesis that macroscopic quantum coherence exists in brain states of conscious awareness. This represents a vital, additional property of quantized instability fluctations. It enables them to fulfill another stringent requirement for models of consciousness laid down by previous theory.
